INTRODUCTION
In October 2007, part of the jewellery collection which constitutes the ofering of Tomb 7 of Monte Alban, Oaxaca, Mexico, was analyzed by means of portable X-ray Fluorescence (XRF) with the purpose of characterizing the alloys and manufacturing techniques, and of obtaining relevant information on the alteration phenomena, Technological study of pre-Columbian bimetallic discs from Monte Alban, Oaxaca, Mexico
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Résumé
Among the jewellery items, there are two small and unique artefacts with solar representations in relief, made with two diferent alloys: one rich in silver and the other rich in gold. hese pieces are known as bimetallic discs (Fig. 1) .
In Mexico, besides these pieces, only one other bimetallic pendant originating from Teotitlan del Camino, Oaxaca (Fig. 2) is known. It is conserved in the Museo Nacional de Antropologia e Historia -INAH (Carmona Macias, 1997) . he main diference between the Monte Alban discs and the Teotitlan pendant is that the pendant was clearly made by lost wax casting while, because of their thinness, the discs were probably made by hammering.
he production of bimetallic items with gold in preColumbian America is not as uncommon as we may think, but platinum was used instead of silver. Fray Bernardino de Sahagun, one of the most representative chroniclers of New Spain, describes the extraordinary objects that Aztecs were able to make by combining gold and silver (Sahagun, 2000) .
he irst archaeologist to analyze the manufacture technique of the bimetallic discs was Easby (Caso, 1969) , who proposed that the discs were made by hammering two different sheets together: one of an alloy rich in silver, and the other of an alloy rich in gold, achieving a difusion boundary of the foils. Besides the unusual manufacture technique, the bimetallic discs present a speciic conservation problem: the silver-rich zones are brittle, show fractures and have lost some fragments; this fragility is apparently due to dislocations caused by repeated hammering with insuicient annealing. he actual study was carried out to understand their deterioration phenomena as well.
METHODOLOGY
Previous XRF measurements of the two discs provided information on their composition. For the irst disc, the mean composition of the part rich in gold is 85.8% Au, 13.7% Ag and 0.6 % Cu, while the silver-rich alloy section has an average composition of 91.1% Ag, 6.4% Au and 2.5% Cu (Peñuelas Guerrero, 2008) . For the second disc, the average compositions for the gold and silver sections are 81% Au, 18.2% Ag, 0.7% Cu, and 91.3% Ag, 5.5% Au and 3.2% Cu, respectively. Based on Easby's hypothesis and knowing the elemental composition of each alloy from XRF measurements, replica alloys were designed to test his hypothesis. he irst step involved the reproduction of the alloys with a mean composition about 85% Au, 14% Ag and 1% Cu, and 91% Ag, 6% Au and 3% Cu, and the casting of each part individually. Subsequently, the homogeneity of the elemental composition of the replicas was veriied using a portable XRF spectrometer with a Mo X-ray tube with a voltage of 45 kV, a current of 0.2 mA, and a CT detector. he exciting X-ray beam had a diameter of 1.5 mm on the sample surface and each measurement lasted 30 sec.
Once the foils were reproduced, we proceeded to try to join them by hammering and heating. Although we were unable to join them according to this procedure, after obtaining a similar thickness to that of the original discs, we proceeded to take samples of each alloy for metallographic examination.
RESULTS
After a long hammering and annealing process, it proved impossible to join the two sheets, due to their diferent behaviour. Without soldering, higher temperatures were required to join them, but the diferent melting points of each alloy (the gold-rich alloy melts at 1010 °C while the silver-rich alloy melts at 954 °C), in combination with the rapid heat difusion caused by the limited thickness of the foil (0.8 mm), caused the silver-rich alloy to begin to fuse instead of joining to the gold one.
he fusing of the silver alloy was veriied by means of metallographic analysis; while the structure of the gold alloy showed crystals and macles characteristic of cold work, the silver-rich alloy had a cast-like structure, even though both metals were worked at the same temperature (Fig. 3) .
CONCLUSION
Based on observations of the tests performed on the replica alloys and the study of the other existing bimetallic artefact, the Teotitlan pendant made by lost wax casting, a hypothesis regarding the manufacture of the Monte Alban bimetallic discs is proposed. he Teotitlan pendant was probably cast by irst casting the higher melting point alloy and then completing the mould with the other lower melting point alloy. We believe that the alloys of the bimetallic discs were likely cast in a similar manner and were then joined mechanically, with heat. Afterwards, the goldsmith must have hammered the cast objects to obtain the desired thickness, size and design. he beating and heating should have strengthened the join and produced a slight silver diffusion into the gold-rich alloy.
We can conclude that the brittleness of the silver-rich alloy is due to an excess of dislocations resulting from the diferent behaviour of the two alloys that were cold worked (hammered) together. Nevertheless, the next step of this experiment is to reproduce the lost wax casting and hammering in order to obtain further information regarding the deterioration phenomena. 
